Introduction
In 1858, Wallmann published the first description of a colloid cyst, found on autopsy. [1] Since then, these lesions have garnered a great deal of attention and controversy over the years, as they are benign, found in young and middle-aged Complication avoidance in transcallosal transforaminal approach to colloid cysts of the anterior third ventriclen: An analysis of 80 cases sixth postoperative day and on follow up. A battery of bedside clinical tests was performed to assess the interhemispheric somatosensory and motor transfer of information and the memory function. Each patient underwent a Mini Mental Scale Examination (MMSE) and specific tasks defined for assessing corpus callosal function namely; volitional saccades, transfer functions, stereognosis, and coin sorting tasks. Also, 22 patients with other intracranial lesions were also analyzed as a control group. CT scan of the brain was done in all patients pre-and postoperatively.
Results

Demographics
There were 35 females, and 45 male patients.
Clinical features
The duration of symptoms ranged from 15 days to 8 years [ Table 1 ]. The commonest mode of presentation was headache in 72 patients, with 54 of these patients having associated papilledema. Nine patients presented with decreased sensorium, six with seizures (generalized or focal), and six with drop attacks. Episodic loss of consciousness was seen in seven patients, probably due to the development of acute hydrocephalus, which was relieved with a change in posture, cranial nerve abnormalities in eight, and spastic hemiparesis in three patients.
Neurocognitive assessment was done in the last 22 patients, which included the MMSE and specific tasks defined for assessing corpus callosal function. Twenty-two subjects who suffered from other neurological illnesses were also subjected to aforementioned tests and served as controls. Fifteen patients who underwent transcallosal surgery were found to have deficits in the above tasks as compared with five patients who served as controls. Results showed that nine patients had all four tasks impaired, two had three tasks impaired, two had two tasks impaired, and two had one task impaired. Stereognosis/tactile anomia and cross replication of finger positions (transfer functions) were the most commonly affected tasks, especially in the left hand. Decreased memory, especially immediate recall, was transiently impaired in nine patients compared with preoperatively. MMSE score range was between 27 and 30 in these patients. Preoperative mean MMSE was 28.32, and postoperative mean MMSE was 28.14. Hydrocephalus was present in 17 patients. The preoperative mean MMSE in patients with hydrocephalus was 28.3, and 28.26 in patients without hydrocephalus. Postoperatively, mean MMSE was 28.12 and 28.02, respectively, concluding that hydrocephalus did not affect the cognitive outcome.
Radiology
All 80 patients underwent plain and contrast CT scan of the brain. In 62 patients, the lesion was hyperdense to brain and of these, 41 were contrast enhancing. In eight patients, the lesion was hypodense, and in 10 patients the lesion was isodense to brain. Sixty-seven patients had hydrocephalus.
Surgical treatment
All patients under the cover of anticonvulsants underwent a right frontoparietal midline craniotomy, anterior transcallosal transforaminal approach, and excision of the lesion. In 69 patients, the lesion was located at the foramen of Munro and was occluding it, and in 11 patients it was situated posterior to the foramen of Munro. In both of the above locations, it was possible to excise the cyst through the same approach, the transforaminal entry into the third ventricle. The foramen is never made wider by incision of brain tissue. Total excision of the lesion was achieved in 79 patients and in one patient, only subtotal excision of the lesion could be achieved as it was densely adherent to the wall of the third ventricle. In two patients, there was injury to a branch of pericallosal artery and in one patient a cortical vein draining into the superior sagittal sinus got torn during dissection.
Complications
Postoperative seizures were seen in six patients, due to one of these complications: Right frontal lobe venous infarct, frontal horn pneumocephalus, acute hydrocephalus, and brain retraction edema [ Table 2 ]. This can be avoided by centimeters to avoid disconnection syndromes. One patient had subdural hematoma which required evacuation. This was seen in a patient with gross hydrocephalus and can be avoided by initially making a small opening in the corpus callosum and letting out CSF slowly. The brain may bulge during surgery and, if no other cause is obvious, acute SDH must be considered. Meningitis occurred in three patients. Tension pneumocephalus occurred in one patient [ Figure 3 ], and the postoperative recovery was delayed. A plain X-ray of the skull lateral view will clinch the diagnosis and a frontal burr hole with tapping of the air will help relieve the pneumocephalus. Two patients died in the postoperative period due to basal ganglia hemorrhagic infarct following vascular injury [ Table 2 ]. Majority of the above complications occurred during the initial years.
Follow up
A total of 74 patients (92.5%) were followed up from the period of one month to six years with a mean follow up period of 1.18 years. Six patients did not return for follow up. Seventy patients had no deficits on follow up. One patient had shunt infection at one month follow-up which required removal of the shunt tube. One patient had generalized tonic clonic minimal retraction of the frontal lobe and sacrifice of bridging veins. If a vein needs to be sacrificed, then retractor should not be applied on the area of drainage. Seizures can also be prevented by the use of preoperative anticonvulsants. Acute hydrocephalus occurred in four patients and all underwent a CSF diversion procedure. This may occur due to block in the CSF pathways due to incomplete excision of the lesion or a blood clot blocking the aqueduct. If such situations are anticipated, an external ventricular drain (EVD) can be kept within the lateral ventricle. Postoperatively, the EVD can be kept closed and if there is deterioration in sensorium, it can be opened.
Venous cortical infarct was seen in four patients [ Figure 1 ]. This can be prevented by avoiding sacrifice of the bridging veins and prolonged excessive retraction of the frontal lobe. Transient hemiparesis occurred in four patients, due to retraction edema [ Figure 2 ], venous infarct, and prolonged pericallosal artery retraction. Transient memory impairment occurred in nine patients within the first 72 hours after surgery, which completely resolved by the 7 th postoperative day in seven patients. Mutism occurred in one patient. These can occur due to excess handling of the fornix, especially on the left side, and walls of the third ventricle and will recover in time. The opening in the callosum must be less than 2.5 seizures at six-month follow-up. One patient had residual hemiparesis. Three patients had impaired recent memory at 3-month, one-year, and 5-year follow-up. None of the patients had a disconnection syndrome.
Discussion
Colloid cysts have always provoked interest in neurosurgeons because of their controversial origin, benign histology, dramatic clinical presentations, and the variety of possible treatment options.
Clinical features
Dandy's series included 31 autopsy cases, confirming the belief in sudden death as a common initial presentation of colloid cyst. [9] Ryder et al. [10] analyzed 56 cases of colloid cysts having suffered sudden death and postulated that the reflex effects involving the cardiovascular centers near the third ventricle might have contributed to the sudden death. The symptoms produced by colloid cysts of the third ventricle are primarily those of increased intracranial pressure and are non-localizing. [8, [11] [12] [13] In our series, the duration of symptoms ranged from 15 days to 8 years. Seventy patients had complaints of headache, with 54 patients having features of raised intracranial pressure. None of these patients had true localizing signs or symptoms. Kelly stated that these symptoms were not specific for colloid cyst, as any midline mass may present similarly. However, they are a strong indication of a colloid cyst. [12] 
Radiology
On CT brain, these lesions can be clearly identified as round homogenous masses in the anterior third ventricle, in the region of the foramen of Munro. We analyzed three parameters; density of the cyst, enhancement of the cyst, and the presence of hydrocephalus. In our series, in 62 patients, the lesion was hyperdense to brain, and in 41 there was contrast enhancement. The 41 enhancing lesions were soft viscous and 21 non-enhancing were thick semisolid colloid. In eight patients, the lesion was hypodense, and in 10 patients the lesion was isodense to brain. In all these patients, there was soft, viscous colloid material, which could be aspirated. Kondziolka and Lunsford [14, 15] reviewed 122 cases in the literature and they related the density directly to the viscosity of the cystic contents. They found that hyperdense cysts were unlikely to be aspirated successfully.
Surgical management
All patients underwent a right frontoparietal midline craniotomy and anterior transcallosal transforaminal approach. Apuzzo et al. [16] studied the distribution of parasagittal venous complex in the region of the coronal sulcus in 100 angiograms. 70% of these venous tributaries entered the superior sagittal sinus within the sector 2 cm posterior to the coronal suture, whereas 30% were in the anterior 2 cm region. He stressed the importance of proper planning of the dural flap and by mobilizing rather than sacrificing the cortical veins. [17] The corpus callosum is incised in the midline between the pericallosal arteries for a length for 1.5 to 2.5 cm in the sagittal plane in the anterior corpus callosum. There is preference to open the corpus callosum between the two pericallosal arteries or depending on the local anatomy of the arteries and the disposition of their branches, the dissection is carried out by displacing both to either side depending on the curvature of the arteries. [18] An incision of up to 2.5 cm in the anterior body of the corpus callosum is adequate for the exposure of the ventricular system and does not cause any disconnection syndromes. [9, 11, 16, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] However, larger incisions in the corpus callosum involving the anterior and mid corpus callosum have been reported to result in impairment of interhemispheric transfer of information.
In majority of the cases, the lesion is found bulging at the foramen of Munro and can be excised by the transforaminal approach. The foramen of Munro is never made wider by incision of the brain tissue. [32] 
Complications: Transient memory loss
Transient memory loss is probably due to forniceal manipulation during surgery and is not an unusual postoperative complication. [16, 24, [33] [34] [35] Little and MacCarty reported no incidence of memory loss or personality changes following division of the anterior column of the fornix in patients with colloid cysts. [36] Memory deficits probably arise from direct and transmitted injury to deep midline and paramedian structures such as the basal forebrain nuclei, thalamic nuclei, septal nuclei, and inferior thalamic peduncle. [37] [38] [39] [40] Some studies find little influence of one forniceal injury on recent memory if the contralateral fornix is intact. [41] The potential importance of the septal nuclei in memory function is underscored by the frequency of the amnesia in a patient who sustain rupture of the anterior communicating artery and subsequent damage to this region [ Figure 4 ]. Hernesniemi and Leivo [32] have found that the far lateral corpus callosal incision has been especially valuable in avoiding memory disturbances. Jeeves et al. [42] found after careful testing that there is impairment in the transfer of the tactile data. However, Bogen [43] found that interhemispheric transfer of information is preserved as long as the splenium remained intact. Following forniceal lesion, it is observed that the remote memory is intact while there is loss of memory for recent events. [40, 44] Woolsey and Nelson have discussed about sectioning of the fornix bilaterally for the treatment of epilepsy without any incidence of memory loss. [41] Postoperative mutism This occurred in one patient where one of the large cortical veins draining into the superior sagittal sinus and a large vein in close proximity to the lesion got injured. Nakasu et al. stated that a partial callosotomy alone was not responsible for postoperative mutism. Instead, impairment of adjacent structures such as cingulate gyrus, trauma to the wall of the anterior III ventricle and floor of the lateral ventricle, and damage to the dominant supplementary motor cortex may lead to postoperative mutism. [45] Bellotti et al. reported postoperative transient mutism as their most frequent complication following a transcallosal procedure. [46] 
Hydrocephalus
Of the 67 patients who had hydrocephalus, a preoperative right ventriculoperitoneal shunt was done in 16 patients, to reduce intracranial pressure as retracting a tense brain may cause retraction injury and edema. Postoperative hydrocephalus was seen in four patients. Three patients required a right ventriculoperitoneal shunt and one patient underwent revision of the preoperative shunt. Hydrocephalus secondary to obstruction of the foramen of Munro by colloid cyst is common. Despite complete removal of the cyst, there may be enough edema at the foramen of Munro and aqueductal stenosis which can result in acute hydrocephalus to warrant shunt placement. [47] Hall and Lunsford observed that hydrocephalus persisted even after complete removal of the colloid cyst. [48] Desai et al. [24] in the last 10 years excised the colloid cyst directly without prior shunt procedure and follow-up CT scan showed complete resolution of the hydrocephalus. Fenestration of the septum pellucidum was done in all 80 patients to communicate both the lateral ventricles should unilateral hydrocephalus develop. Also, the contralateral ventricle can be entered and the opposite side foramen of Munro can be inspected for any residual blood clots.
Subdural hematoma
Subdural hematoma causing mass effect, and requiring evacuation, occurred in one patient. This patient had preoperative hydrocephalus and no CSF diversion procedure was done. The cause may have been a rapid drainage of CSF intraoperatively. Hernesniemi and Leivo [32] also reported one patient who developed a chronic subdural hematoma in the postoperative period.
Seizures
Six patients developed seizures in the postoperative period due to right frontal lobe venous infarct, right frontal horn pneumocephalus, acute hydrocephalus, and retraction edema. It is for this reason we routinely give anticonvulsants because of the frontal lobe retraction during surgery. Some neurosurgeons do not give anticonvulsants to patients undergoing transcallosal approach, as the cortical incision is avoided, thereby minimizing the risk of seizures. The incidence of postoperative seizures via the transcortical transventricular approach is 11%. [11, 37] McKissock and Little [36] reported 12 to 13% of postoperative seizures via the transcortical approach; Villani et al. [29] reported 28%; and Desai et al. [24] reported 26.6%.
Motor deficits
Four patients developed transient hemiparesis. Prolonged retraction may cause injury if the retractor is not periodically released. Excessive lateral retraction can result in frontal lobe swelling and medial retraction on the superior sagittal sinus can lead to sagittal sinus thrombosis. [28] Cerebral venous infarct secondary to a cortical vein occlusion causes serious neurological deficits and complication. [11, 13, 16, 24, 28, 32, 49, 50] Apuzzo [19] stressed absolute preservation of the parasagittal cortical venous system whenever possible. He also recommended cerebral angiography before surgery to map out the cortical venous anatomy. Sugita et al. [17] have described the technique for preservation of bridging veins. Arterial injury may occur during lateral dissection, which may cause injury to small branches of the pericallosal arteries. [3] Also, when the cingulate gyrus of both sides are adherent and, it may be mistaken for the corpus callosum and on performing a callosotomy, cortical damage of the cingulate gyrus can occur; in addition, one may injure the callosomarginal artery during dissection causing contralateral lower extremity weakness. Woiciechoesky et al. [51] found variations in the course and branching pattern of the anterior cerebral artery, which may confuse the surgeon. The close relationship of the genu of the internal capsule to the foramen of Munro must be kept in mind when retracting the walls of the lateral ventricle. [52] Mortality There were two postoperative deaths. Both patients developed basal ganglia hemorrhagic infarct with intraventricular bleed due to vascular injury. Laryne et al. have mentioned that there is no risk in coagulation of the thalamostriate vein. [26, 53] Hirschs et al. have mentioned that coagulation of the thalamostriate vein could lead to severe neurological compromise. [54] We prefer not to coagulate the thalamostriate vein.
Follow up
A total of 74 patients were followed up from the period of one month to six years with a mean follow up period of 1.18 years. Seventy patients had no deficits on follow up. One patient had residual hemiparesis, and three patients had impaired recent memory at 3-month, one-year, and 5-year follow-up. None of the patients had a disconnection syndrome.
Natural History of Colloid Cyst
Sudden deterioration and death have been described in benign tumors of the third ventricle and foramen of Munro area, majority of these neoplasms being colloid cyst. [32, 50, 55] The proposed mechanism has been ventricular obstruction and acute hydrocephalus with brain herniation. Pollock and Huston [56] analysis comparing symptomatic and asymptomatic patients with colloid cyst found four factors associated with cyst-related symptoms. They are as follows: (1) Younger patient age, (2) Cyst size, (3) Ventricular dilatation, (4) Increased signal on T2-weighted MRI and concluded that patients with third ventricular colloid cysts become symptomatic when the tumor enlarges rapidly causing CSF obstruction, ventriculomegaly, and raised intracranial pressure. The patient with colloid cysts larger than 1.5 cm should be considered for surgical excision as these cysts are more likely to become symptomatic. [56] Also, MacDonald et al. stressed that younger patients are more likely to become symptomatic during their life time and thus require surgery. [57] 
Conclusion
The transcallosal transforaminal approach is a safe anatomical approach with minimal tissue destruction and the most direct path to excise third ventricular colloid cyst, without dependence on hydrocephalus. Total excision of the lesion is a permanent cure with low mortality and minimum morbidity and with increasing experience, most complications are avoidable and can be minimized. There are no major permanent deficits in memory or intellectual function due to the limited anterior callosotomy and forniceal handling and the approach does not result in disconnection syndromes, or behavioral abnormalities.
